ATTACHMENT 1

J-211



J-212




SEP 19 97 12:18PM GEOSCIENCES/GECLOGY P.1-7

Lockheed Martin Idaho Technologies Company
INTERDEPARTMENTAL COMMUNICATION

Date: September 15, 1997

To: M. V. Carpenter MS 2107 6.8467

From: C.P. Oerted V0"~ MS 5202 6-3541

Subject; ggso-tg;'r;or INSITU GAMMA RAY MEASUREMENTS AT ARA 23 -

We have completed insitu gamma ray analyses of 88 points located in the rockpile arca of ARA 23, These
measurements were performed using a 30% efficient p-type germanium detector held at a distance of one
meter above ground, Each count duration was 600 seconds live time and all spectra were checked for gain
stability in the ficld using the Cs-137 gamma ray at 661 kev and the K-40 gamma ray at 1460 kev. Spectra
were analyzed using the USDOE Eavironmental Measurements Laboratory M1 protocol and software.
Results are shown an the attached Excel spreadsheet.

The target isotope of interest for this work is Cs-137. During our recent meeting with Bob Gehrke and Dick
Helmer, we agreed to assume a uniform distribution of Cs-137 with soil depth to four inches. In order to use
M1 properly and report the Cs-137 values in pCi/g I assumed a relaxation length or depth (depth for the
activity to decrease to 1/¢) of four inches and a soil density of 1.6 g/cm’ . M1 uses the inverse of the
relaxation length and the density in its calculations. The M1 protocol states that if a relsxation length of less
than 4 inches is assumed, the software assumes a planar distribution and reparts the Cs-137 in units of
pCi/m? I mention this in the event that you sre considering recalculation of the Cs-137 with different depth
distributions. I can perform those calculations or I can calculate simple counts/sec for any of the spectra. It
would also be interesting and useful to perform some measurements with an n-type extended energy range
detector as suggested by Bob. This might allow inferences of the depth distributions which we currently do

pot have.

Finally, we are available to perform the additional background measurements suggested by Dick Helmer and
yourself. Please contact me if you still want this work performed.

CPO/gif

e R. J. Gehrke, MS 2114
R. L. Hand, MS 5210 ( w/o Attach)
R G. Helmer, MS 2114
C. M. Hiaring, MS 3953
K. L. Martin, MS 7113 (w/o Attach)
JW Rogers, MS 7113
F. L. Weber, MS 3953
R. N. Wilhelmsen, MS 4110
K. C. Wrighnt, MS 4110
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|ARA Z3 RESULTS: Cs-137 (pLug) by locaton
o/p=0.059, p(30il)=1.6 plem’
[RELAXATION LeNGTH= 4.2 NcHES

Point ID
43
45
45
50
51

233222 LUSSE LY

70
4
72
73
74
75
76
7
78
%

an

geas

87
-]
89

North
675744.69
675519.6797
875244701
875302.737

6783287173 7

675383.742

575373 0687
6753529932
675328.0392
675303.0545
675277.4055
&7 5302 4133
675327 4592

§75352.8574

675377.433

675402335

675401.6833

675376.6885
'675351.6612
6753267149

875301.5998

675276.8133

675276.1472
675301.2179
675326.1296

675351.1436

675376.0818
875401.1055
675426.0899
675425 4559
675400,3911
875375.29
675350.4003
6753254817
675300.444
675275.5435
675274.8408
875299.701
675324.786

675348.7831

675374.7714

675309 79044

§75424.7644

East
327157.65
3288078821
zes07.7292
326&56 3668

_326855.0312

3288557158

CPP RADIOCHEMIS IRY GROUP %147
FIELD) MEASUREMENTS: 8J Hi I, BK HARR!S,

3263294661

326820.9809
326830.7276

| 3268313308

" "328807.0023
_326806.3045
2268057545
3266053928 _
326804.4346
3208037368
3267787488
226779.3859

326780.0584

a26780.7079

326781,3086

J26762.0105
328757.0416
326756.5073

a26758.732

326755.1421
326754.3842
| 326753,8079
326763.1818
326720.2734
326728.7804
326729.2733
| 326730.0092
326730.6747
326731.3422
| 3267320383
326707.0309
326706.302
326705.6797

3287044501

326703.7889

326703.136

| 326705.0688

P.2/7

KJ OLTMANNS, CP OERTEL
|DATA ANALYSIS: CP OBRTEL
Elevation Descriptor  Cs-137 (pCilg) Error (1a)
5062.84 1409
5048.761211 1820
5048.180371 2290
5044.37718 1009 227 0.07
T 044885007 T 1010 o
56045.785916 1011 2.28 0.07
5045880838 1012 2.85 0.07
T E046732685 7 1013
5048.46982 1014
5044.420285 1015 2.96 0.07
5044049412 1025 o
_ 5044.854863 1026 1.87 0.06
5044.506126 1027 ’
5047,631542 1028 1.7 0.06
5046,556564 1029 3.43 0.08
T sp4go02088 0 1030
5045.907501 1034
5047.400977 1032 1.82 0.06
5048081828 1033 1.24 0.0
5045.258991 103
5043.727492 1035 1.59 0.06
"5043.461811 10
5043.507705 1050
5044447654 1051
5047.014996 1052 1.28 0.05
5045.622707 08
5047.986021 1054
5046.313219 1055 1.86 0.06
T 5046250684 1056 o
5048.067455 1058
£048.180975 1059
5048.090687 1080 1.66 0.06
5047.361644 1081
5047.025283 1082
5045.426173 1063 156 0.06
5044 062974 1084
5044.413549 1078
5047.198912 1079
£046.4961 1080 132 0.05
'5045.807912 foa1
5047.413038 1082 1.44 0.05
" 5048852351 1083 o
5047.293443 1084 0.09

1214

418



SEP 19 ’97 12:11PM GEOSCIENCES/GEOLOGY

JARA 23 RESULTS: Cs-137 (pGilg) by locatlon

a/p=0.059, p{soil)=1.8 g/em?

CPP RADIOCHEMISTRY GROUP 997
FIELD MEASUREMENTS: $J HILL, B HARRIS,

P.3-7

[RELAXATION LENGTH= 4.2 INCHES KJ OLTMANNS, GP OERTEL
|[DATA ANALYSIS: CP OERTEL

Pointld  North East Elevation Descriptor  Cs-137 (pCilg) Error (10)

90 675449.0307 326877.3913 5049.183857 1088

91 8754240846 326678.1759 5049.85674 1089

92 675399073  3ea7egez | 5040.120006 1090 1.82 0.06

93 "675374.0451 T azeer9ddes soarmdmitr  dos1

94 675340.2005  326660.0984 5048.022364 1082 116 0.05

g5 6753242016  326680.6934 | 5048887026 117 I

96 675290.1723 326681.3733 5045.799852 1094

97 675274.2148 326682.0154 5045.01986 1095

98 876273471 326656.9678 5045449784 1105

99 675298.5016 3268563015  SOA7ESBST 1108 203 0.06

10 ~ 675323, 47212559 ,326655. 75794233 5048 0275415763 Mo 122 0.05

10 7534863469248  306655.1462B146  5040.2200849635  1108.

10 GTSITIATSIONG  ,326654.35838148 5050.6360822356 1100, 1.97 0.06

10 - -~ 675308.50202330  326653.80678188  5050.6556185108 4140,

10 B7542148339175  326653.12029734  50502044122380 1111, 2.66 0.07

10 67544845751763 ,320652.48102001 ~  50495026743373 2T T T

10 675473.4B103858  ,326651.85261598  5050.9206965857  ,1113.

10 ST5ATITI086238  326626.85708505  5051.2501544447 1117,

10 STS447.73515775  ,328627.47793027  S051.0436214496 18, 447 0.00

10 TSAZ2ETAATSY T 326620.45573702 ,5051.5531850309 19,

11 675307.90343888  ,326620.78974187 5050015311129 1120, 218 0.06

1 STSITZETTI4AIS2  3Z86204T101010  5048.8571386334 1121,

1 675347.90326831  ,326630.10398013  S047.7589085021 1122, 0.83 0.04

11 675322.02347636  306630.83766795  5049.0855441914 123 T

11 675297.91337841  326631.40954804  ,5048.9303300981 1124,

11 675272.95778054  ,326832.18541610  ,5046.1923707427 1125.

11 E75272.34511423  326607.15215687  ,5046.5921586133 1133.

1 675207.90964278  ,326605.39650851  ,5040.8288225107  ,1134.

11 S75322.16679097 326005.78004788  S487116179053 1135 3.12 0.08

12 BTB3A7.27814336 0660514524807 5050068325708 1136

12 (7537168665247  326603.58062285 5048.5955042052 1137, 1,63 0.06

12 - 675307.20406023  ,326003.79886400 5050023454455 138,

12 675422.15660481 3266031218779 H0S2.0048005713 1139, 25§ 0.07

12 E75CATIATTS4R | 326602.56144211  5051.5661022571 1140,

12 675472.20082170  ,326601,89770834  50512519281851  ,1141.

12 675407.17137283  ,326601.19346286  .5052.3008951477 1142,

12 (E75406.47252800  326576.23084119 5053.1431413816 1146,

12 675471.58561460  ,326578.84851385  ,5045.8369680293  ,1147.

12 675440.63172663 326577.66340020  .5051.5657966913 1148, 6.00 0.01

13 67542159231015  .326576.18320251  ,5040.1269360859  ,1149. -

13 575396.60834411 346578,90802814 ,9048.7446156667 L1150,

13 B675371.835827903 V2657957000685 ,5049.5156071210 1151,

13 675046.61972258  ,326560.13238115  5049.5523302528 1152, 1,77 0.06

J-215
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-

P.4-7

|ARA 23 RESULTS: €s-137 (nCUg) by Ioeation

CPP RADIOCHEMISTRY GROUP 9/97

J-216

/pe0.059, p(sailj=1.6 g/om® | FIELD MEASUREMENTS: $J HILL, BK HARRIS,
RELAXATION LENGTH= 4.2 INCHES KJ OLTMANNS, CP OERTEL
DATA ANALYSIS: CP OERTEL
Point ID Narth East Elevation Descriptor  Cs-137 (pCilg) Error {18)
13 675321.63372270  ,326580.84183304 5040.8240330008 1153,
13 ,675296.62330215 3265814305178  ,5049.8402083335 1154, 414 0.09
1 675271.61848025 | 326582.12836207  ,S047.6585568295  .1155.
13 675246.61643507  ,328582.70601054  5047.1908316690 1186,
13 575248.07646141 J26557.80494055 5047.95680207628 1180,
12 ,675270,97976385 328557.05527701 ,5049.37555165124 J461.
14 675208.00558085  ,326556.40141633  ,5050.6074057213 1162,
14 675320.98827505  ,326555.78756336  ,5050.1481783853 1163 241 __008.
Ta 675345.99931226  ,325555.00039887  ,5050.7680008257 1164,
14 L675370.92053093 328554, 52473202 ,5050.8446166507 1165, e ....006
?1 6753958 87 ,326553.76224502  5050,4867238120 1188,
875420 88878175 ,326553,18198011 S5052.2274785168 A187. 423 0.08
575445 91972943 326552.65840301  S052.8885763742 1168,
14 (675470.90247546  ,326651.89284400  ,SOS1.5464924017 1169,
14 675495.80509506  ,326551.26509521  ,5052.33430825¢7  ,1170.
14 LB75520.91249350 ,J26550.62810814 ,50563.1156155327 172,
15 JG75245,34623456 326532.77419368 ,5048.2508685579 1188,
18 ,675270.35892566 J26532.19749187 5049.1548213734 L1167,
13 675205.33228090  ,A28531.44671922  S0S0.4865643351 L1188, o1 o8
15 675320,30872510  ,326530.60666072  5050.8006348444 4188, 7
15 B7534525133216  326520.12319122  S0S1.7461460707 1184, 465 0.09
15 (BY5370.34548908  ,326520.57977657  ,5051.3278820931 1184,
1§ _ 675395 29106350 A28528.86807924 5049.9264R41783 1162, 2.82 0.07
15 675420.30579114 2652820755352  5052.7103528760 1181
15 BT5445 28284227 326527.54937108 5053.2310618335 ,1180. 3.83 0.08
15 JBT5470.27486111 326528.81385109 ,5053.9428345368 1179,
16 675405.27709602 _ 326526.23137849 5052740479440 1178 19.50 0.20
18 6753520.31042662 326525, 71889270 ,5053.4744370173 T
16 675544 58345778 ,326499.94913308 5053.0807094143 1200,
16 BTS510.61914621 __ 326500.74562767 S0SS.53TTO74B17 1199, 2480 021
18 ,675494.60089733 ,328501.29891445 5054, 7725207284 198,
16 B75469.58900360  _ 326501.86376439 5034.3674189370 ~ A197. 745 0.1
16 B75444 61853281 .326502.643893487 5052.4840224265 ,1196,
16 67541961362456  326803.20749081  5051.7180262860 {195 _ 809 009
16 T 675394.85608830 4265038461635 .5051.7196225451 L1184,
17 675369.71030683  320504.51487917  _ 50A23748074916 1193 480 . 0.08
17 g7534471882578 2650523186074  S0S3.B2T7912448 4192
17  675319.71841619 .. ,326505.84172477 . 5052.9764276946 1191, _ 1220 014,
17 7520458102057  326506.6506598  ,5050.7318652865 1190,
17 ,675269,68342845 A2B507.12018647 ,5048.3040555563 186,
17 LB875568.90583322 ,J26474.32904206 ,5054.666311055985 1205,
17 B75618.91105021 284730121727 S055.0140217950 1203,
17 __ B75593.80878745  326473.79700912  5066.6303276355 1204, 88.80 0.40__



SEP 19 ‘97 12:12PM GEOSCIENCES/GECLOGY

P.5/7

[ARA 23 RESULTS: Ca~137 (pClig) by location
@/p=0.059, p{s0il}=1.6 g/cm®
|RELAXATION LENGTH= 42 INCHES

CPP RADIOCHEMISTRY GROUP 9/37

FIELD MEASUREMENTS: SJ HILL, BX HARRIS,

KJ OL. TMANNS, CP OERTEL

DATA ANALYSIS: CP OERTEL

PointiD  MNorth East Elevation
17 675504.60036231  ,326490.74853153  ,5053.8550141410
17 (675544.00662600 ,326475.01625319  ,5055.1682147778
A6 BTE510.00415936  ,326475.68162081  ,5085.0288325061
18 S7SAG3.98BMTETI__326476.23954341.. . ,30853161727796
13 [675469.02335488  .326477.07677516  ,S055.3797125560
18 | 675042.98015825  326477.58036793  5054.7784476422
18 T 875410.03013131  226475.22661386  ,5052.6928616559
18 6759396780503 ,326478.85950446  __S053.0179958476
18 675369.01337724  ,326479.59550204 5053923777720
18 GTSH4.07374974  326480.32009623  ,5054.2243248623
] BT5318.04744429  .326480.70996594  5050.8779963670
18 675294.04743241 326481.55499547  ,5048.5930853808
19 675318.30685407  ,326455.80344187  ,5049.5455857091
19 575343.40506143  326455.22787228  ,5054.0145666763
19 B75360.39520640  326454.53275452  SOSITTTSTENV00
19 675383.42013731  326453.94425445 0541716232773
19 GTSAIB3BAZ9087 3264528685507 5053.58487316%0
"9 6754433963811 ,326452.56209773  ,5051.8134947024
19 __.BT5468,30372016__ _,32645205423004  5056.267154B079
19 675493.26610863 2645120777797  S055.1074158688
19 S75510.30082510  ,326450.80662723  5056.7815616255
1 675543.31181637  326480.05727605  ,507.5087019545
20 075383.29098159  ,126449.33760071  S0S7.8241522162
20 675583.30084791 326448.80232623  5055.9820398848
20 BT5618.33084896  326448.22075366  ,5058.27B9387630
0w 675643.20202804  326447.58854016  ,5058.1251354850
20 . 675642.60841113  ,320422.54993456  5059.2616816495
TR0 @TSE1T.678S0251 ,326420.09449619  ,5059.8913156411
20 GTBSRTO2IGTIS  3W/A23.BI060855 SOOT.SIN0ETOMY
20 675567.67310802  ,326424.43030083  5056.5831517012
20 675542.69878261 320425.08783679  5055.9016647451
20 B75617.74502641  ,326425.79373831 5056.1457655478
21 675492 69950259 ,326426.28702005 5053.4042046175
2 5754877237007 3284268.93477585 5055.2763983651
Pyl 675442.67393367 326427 54221181 .5055 2197331073
1l 675417.71158398 ,326428.33807626  ,5054.8200323596
21 675392.68336629  .326420.67335493  5054.7807642367
Tor T B75IA7. 74565778 326429.60560360  ,5054.3846562609
21 _675342.74281804. . ,326430.20530300 ,5052.1606832526
21 6753211497728 ,326405.24346882  ,5051.6360608757
21 L875367.14554007 - ,326404,864711269 ,5055.1291033242
22 675302.11402218 326403 §1884481 ,5056.0086755686
22 _675417.13452692  ,326402.39427871  ,5054.9281250863

J-217

Descripter
1202
1206,

Cs-137 {pCilp)

50.9¢

Az07. T

,1208,
1200,
1210,

211,

J212,
J212,
214,
1215,
1216,
1218.
1220,

a2,

1222,
Jg223.
1224,

‘-1_25-

1244,
1245
1248,
1249,

1250
1251

21.60,
15.40

14.40

4150

18.30

213
L0
33.70

317

Etror {18)
0.29
0.15
0.15
0.14

017

0.18
0.16
0.16
0.20
0.38
0.38
0.35
0.43
0.20
0.18
0.19
Q.20
0.24
0.23

.22
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[ARA 23 RESULTS: Cs-137 (pCi/g) by location

a/ped.059, p{scill=1.6 glem”®

[RELAXATION LENGTHe 4.2 INCHES

CPP RADIOCHEMISTRY GROUP 9/87

KJ OLTMANNS, CP OERTEL
DATA ANALYS!S: CP OERTEL
PaintlD  Morth Bast Elevation Descriptor  Cs.137 (uCifg)  Ecvor (13}
2 675442.08925636  ,126402.62606610  ,5085.1558321353 1252
2 675467.12558160  ,328402.08651787 5055204624880 1253, 26.70 0.21
7 (675402.13183067 2840142357265  5053.0546957148  i2s4.
2 LG75517.00252964 _ ,326400,63709176 ,5054.9602862377 1256, 49.20 025
2 6TS541,98928078  ,326400.12112875  SOSG.53TTGABAE 4256 T
22 6756702300528 ,326209.50687471 _ 50S6.8685509152  1257. 119.00 0.50
2277 6758920168491 32639B.B0B34604 SOSB.TE2437Z220 1288
= _ 673617.00962224 _ J326396.10495180  ,5057.4461318254 1259, 8450 040
T3 7SSRIA04SSH 3IGITITYRETAO0 SOSTBIZTEZ03 .1260. 9520 0.40
23 [B75566,41070208  326374.40641382  ,S058.0192223855 1261,
23 STSSA1ADB71678 3263754501733 50S5.8006802743 1262, 102.00 0.40
Fx) 675516.40841895  .320375.76213354  ,5095.9893627334 1263
29 . _675490.79071226 2637552185369 5054.8820617258 1264, 49.10 0.29
Y (B75466,40545698  ,326377.07011996  5054.9145750105 1265,
23 6TS441.42737328  A26077.65533927 5054.5550894568 1266, 2810 0.22
23 67T541642176822  ,326378.30001580  ,5084.6417569213  ,1267.
23 675391.37385580  ,326378.80021627  5056.0073108143 1268, 2010 0.22
=5 T 675386.50480289  326370.63251948 5035008800196 1269,
24 S7E341.49823642  326380.18660317  ,5082.2419355181 1270
24 67T5365.80721231  ,326354.80005378  5083.6382502851 1271,
24 675390.82037842  ,326353.94185751  5034.7073986156 1272
.24 BTSMSTBA33MS1 326353.24754456  _S055.5178785442 1273. 3119 023
24 67544078888142 3263525315668  .5054.0567480828 1274, -
24 67S465.80731683 3235213212351 SOSAJIS6STOI6T8 4275, 50.40 0.30
T T ETsA00 79216100 | 2635135641186 5060801045871 4278,
2 G75515.81633123  326350.94207300 5057663052627 1277, BA.T0 0.38
~E T 6554078623740 2635010602358 5057.4073017227 4278, -
24 6TEB18.41731511  326325.75910450  5057.7643244720 1279
25 STAR010657358  326326.38406258  _SOSG.627324 1280, 75,80 0.40
25 T aT8465.00080247 | 426326.09626439  5054.8573286848 1201, )
2 7544011575066 ___ I26327.77519704 ___ 5055.3060029284 1262 2.9 0.30
28 675415.23245618  ,326328.35658088  5054.7819076545 1283,
25 £75300.21736046  326228.90513771  ,5053.9320410250 1284,
35 ET5414.50150548 226303.33324080  ,5053.96A2968309 1286,
25 675439.50461441 3263278924931  ,5054.5566272439 1207,
_ 25 675464 49202803 326301 97373561 L 5057 2632633445 L1288, B1.70 0.40
BT T o7463.7591703 | A76976.94620072  5055.6444636032 1201,
25 675480.66730419  ,326276.28508355  5056.1837660202 1292,
26 675480.03558923 2630100775791 S0S6.7961895780 1293,
8 675514.35372843 _ 326300.75020314__ _5057.4334808366 1294 174.00 0.50
% 675513.57599280 328275.75766907 5056.8832566567 1295,
26 B75539.80515154  ,326275.04975866  ,5O57.0284477912 1296
28 L675540.16956712 326299.86792296 5059,1882511072 297,

FIELD MEASUREMENTS: 8J HILL, BK HARRIS,

J-218
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-

P.747

JARA 23 RESULTS: Cs~137 (pCtig} by loeation
/p=0.059, pisoifie1.§ gicm’

[RELAXATION LENGTH= 4.2 INCHES

Point ID

26
%
28
26
26
27
z7
27

NNNNNYy

7

28
28
28
28
28
28

—_—

North
675541 20927604

,875564.32204256
,675588.31413677
,675589,50945470

T T e75500.50402335

875614,58413872
575618 57873719

“575616.62033660

,675640.35213145

B75657.06430847

675667 74898578
B575692.71975652

,BT5803.75380784
675688 42293205

675658 48336591
675643.70157531
B875644,81864215
B575619.76808771

-~ 675565.58871057
575585.25058809

675641 08432179

East
+320324.90162447

|306349.37266433

.326324.62957063

+326299.11255797

J326209.02088114

326324.07845003

326348 94762872

\J26323.48267049

3208348,08228487

T a26373.53779748
326347 22788544

2637258238596

,326396.97200332

326396.80015209
,326422 21793026
1326421.12422328

326446,30146174
326448.97426935

2647167985242
,326472.32720386
,326498.18097356
,328408,38888748

CPP RADIOCHEMISTRY GROUP 9/97
FIELD MEASUREMENTS: SJ HiLL, BK HARRIS,
KJ OLTMANNS, CP OERTEL
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|pATA ANALYSIS: CP OERTEL

Elevation Descriptor  Cs-137 (pCilg) Ervor (1s)
s 0% % o

5058,5808483271 1290, 126.00 0.50

,5088.4208850601 1300,

S057.8614102867 1301,

5057.7072712387 1302,

_5056.7250042258 1303, 132.00 0.50

5050.3801053608 1304, T

5056.9522972876  ,1305.

_SOSBAGBIZESTI 1306 141,00 0.50

5058.8318886144 1307. -

5056.8405215471 1308,

SOSTAGIIZNNIET 1300, 129,00 0.50

5058.8024605272 390, T

5058.7330624071 1311

5058.3275383701 1342,

5056.6719604139 1313,

5056.5519262633 1314,

S059.5355243493 1315, 64.80 0.25

EOseesdseantse 43

5056.8829194608 1317,

5055.6144081898 1318

5055.7250792041 1319,
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LOCKHEED HABTIHﬁ?

Lockheed Martin Idaho Technologies Company
INTERDEPARTMENTAL COMMUNICATION

Date: September 4, 1997
To: N. E. Josten MS 2107 6-7691
YN/ 2L
From: R. J. Gehrke/R. G. Helmer MS 2114 6-4155/6-4157

Subject: =~ CONVERSION OF ARA-23 DATA TO CONTAMINATION LEVELS -
RJG-16-97/RGH-39-97

In response to a request, we have generated a factor to convert count rates from the TSA plastic
scintillator mounted on the Vehicle Roadway Monitor, VRM, system to contamination levels.
This system was used recently for a survey of the ARA-23 area, site of the 1961 SL1 accident at
the INEEL. It MUST BE EMPHASIZED that there are several assumptions and approximations
involved in creating this conversion factor and that some measurements should be made with this
system on calibrated sources in order to validate these results. So that you can understand the
potential limitations of these results, the various steps involved are described.

The initial step was the modeling of the response of a 12"x12"x1.5" plastic scintillation detector
which has been used for other surveys of radionuclide activities. This modeling was done using
the Monte Carlo electron and photon transport code CYLTRAN. Although this detector is
rectangular, the limitations of CYLTRAN required that it be represented as a right circular
cylinder, but for the earlier uses of the detector this was not a serious limitation. This detector is
used with the 12"x12" surface facing the soil and it has a lead shield around the edges of the
detector. This modeling has been done for a variety of source (i.e., area of contamination) sizes,
both in horizontal direction and depth in the soil as well as for different soil-detector distances.
For the cases of interest here, the modeling was done for photons with an energy of 662 keV, as
obtained from "*"Cs and for a soil-detector distance of 1 meter. Each such calculation gives the
detector response as a spectrum giving the number of events as a function of the amount of
energy deposited in the plastic scintillator. The energy deposited is not the full energy of the
photons because, when the original photon interacts with the detector, secondary photons are
produced and they have a high probability of escape from the detector.

A low-level discriminator in the detector electronics cuts off, or discards, all of the events which
deposit less than a particular energy. It is expected that this cutoff lies between 50 and 150 keV

for the TSA detector. This range will correspond to a range of approximately 2 in the measured
count.
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N. E. Josten

September 4, 1997
RJIG-16-97/RGH-39-97
Page 2

In this work to support the ARA survey, it has been assumed that the ’Cs activity is uniformly
distributed down to a depth of 4 inches, 10.16 cm, and over a large area. The detector response
was computed for several source depths between 0 and 4 inches and these were combined to give
the desired response for a uniform distribution down to 4 inches. (Calculations were also done to
give the response if the contamination is all on the surface.)

For this 12"x12"x1.5" plastic scintillator, the results can be reported in the following way. The
percentage of the 662-keV ¥ rays emitted from a uniformly distributed source 14 meters in
diameter and 10.16 cm into the soil that deposit more 50 keV of energy in the detector is
0.00954. If the electronic cutoff on the detector is 150 keV, this percentage is 0.00547 or at 100
keV, about 0.0068. If we assume the best value for this cutoff for the TSA detector is 100 keV,
but allow it to be anywhere from 50 to 150 keV, this percentage is 0.0068 +0.0027-0.0013.

In order to convert these results to the TSA detector, we have compared the results from the
modeling for a 12"x12"x4" detector with the 1.5" thick one discussed above. The effect of the
added thickness is to absorb more of the secondary photons and thereby move some events up
past the cutoff energy. The computed increases in the above percentages of events above the two
cutoffs are given by the following factors:

2.1 for a cutoff of 50 keV and
2.2 for a cutoff of 150 keV.

We expect the loss of secondary photons to be somewhat larger for the TSA detector than
calculated for the 12"x12"x4" detector due to it being only 4" across. Therefore, we have used a
factor of 1.840.3 in the following calculations.

The volume of the TSA scintillator is 11% larger than the 12"x12"x4" detector, so the efficiency
is assumed to be larger by this amount.

In order to proceed, we must assume that the TSA plastic scintillator has no inherent differences
from our 12"x12"x1.5" plastic scintillator, except those due to the difference in size. Thisisa
very reasonable assumption, but we have no experimental information to verify it. The
percentage of 662-keV photons that we might expect to produce events above a cutoff of 100 +
50 keV in the TSA system would then be estimated as follows:

value for 12"x12"x1.5" detector 0.0068% +0.0027-0.0013,
corrected to 12"x12"x4" detector 0.0122% + 0.0053-0.0031, and
corrected for 11% added volume 0.0136% -+0.0059-0.0034.
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| . Richard Helmer, 4:19 PM 9/i5/97 -0600,ARA data on source depth

X-Sender: rhz@axpl.inel.gov

X-Majiler: Windows Eudora Light Version 3.0.1 (32)
Date: Thu, 25 Sep 1997 16:19:51 -0600

To: GSense@srv.net

From: Richard Helmer <rhzﬂme1 gov>

Subject: ARA data on source depth

Mime-Version: 1.0

X-UIDL: ccd32h7387250eac9a%del66dc4117dd

Nick,

Bob Gehrke called and said that the ratioc of the peak areas for the
K x ray and gamma ray from 137Cs was 0.20 on the average and ranged from 0.15
to 0.25. (All numbers are approximate at this point. He was still counting
the last gpectrum.) My previous Monte Carle runs for this Ge detector and
for '
large diameter {120 ¢m) disk socurces at various depths can be interpolated
and
processed to give the following X/gamma ratios:

all of source X/gamma ratio

at depth of (cm)

on surface 0.58
0.3 0.43
0.9 0.22 '
1.5 0.117
2.1 0.061
2.7 0.032

So, the *centers® of the sources have to be near 1.0 cm.

source uniform X/gamma ratio

down to {(cm)

1.2 0.32 . !
1.8 0.26

2.4 0.21

3.0 0.17

15.2 0.077

So, a uniform distribution would need to extend down to about 2.5 cm (1*"*).

If the radioactivity were wind blown and then washed down into the
soil, one would expect more near the surface (although eventually it might
all be washed down some minimum distance). So, I tried a couple of
trianguler
distribution: of which the following is the most interesting:

9/25 at 0.3 cm
7/25 at 0.9 cm .
5/25 at 1.5 cm
3/25 at 2.1 em
1/25 at 2.7 cm

which gives an X/gamma ratio of 0.25.

A suggestion, based on Bob's comments. The ¥/gamma ratios near 0.15
may be in regions were the radicactivity was buried near 1.2 cm when items
were dragged to the burial area. The X/gamma ratios near 0.25 are for wind
blown material that has been washed down to give a distribtuion near the
above trangular distribution. In the latter case, over 90% of the activity
would removed with the top 2.6 cm, or 1 inch, of soil.

Things are, of course, much more complex than this, but this is an
idea to start any discussion.

See you,

Printed for gsense@srv.net (Nicholas E. Josten)
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Dick

Richard Helmer

Email:rhz@ienl.gov

Phone: (208) 526-4157

Lockheed Martin Idaho Technologies Co.

Idaho National Engineering and Environmental Laboratory

Printed for gsense@srv.net (Nicholas E. Josten)
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